In the Indiana University system, as well as many other schools, finite mathematics is a prerequisite for most majors, especially business, public administration, social sciences, and some life science areas. Statisticians Moore, Peck, and Rossman [23] articulate a set of goals for mathematics prerequisites: including instilling an appreciation of the power of technology and developing skills necessary to use appropriate technology to solve problems, developing understanding, and exploring concepts. This paper describes the use of Excel spreadsheets in the teaching and learning of finite mathematics concepts in the linked courses Mathematics in Action: Social and Industrial Problems and Introduction to Computing taught for business, liberal arts, science, nursing, education, and public administration students. The goal of the linked courses is to encourage an appreciation of mathematics and promote writing as students see an immediate use for quantitative and communication skills in completing actual service-learning projects. The courses emphasize learning and writing about mathematics and the practice of computer technology applications through completion of actual industrial group projects.
INTRODUCTION
Business and economics students generally are required to take introductory mathematics courses, traditional finite mathematics and calculus, as prerequisites for statistics, operations research, finance, and other quantitative business and economics offerings. Such prerequisites often are offered in the mathematics department and taught with little regard to how students will use the concepts and techniques in their majors. O'Shea and Pollatesek [25] , for example, argue that the traditional curricular structures from elementary through junior year college mathematics courses (algebra, geometry, pre-calculus, and calculus) do not allow students to encounter the range of ideas embraced by modern mathematics. Students seldom see these ideas used and rarely have sufficient time for real mastery. Statisticians Moore, Peck, and Rossman [23] believe the highest priority requirements of statistics from the mathematics curriculum to be that students develop skills and habits of mind for problem solving and for generalization.
Along these lines Moore, Peck, and Rossman [23] articulate a set of goals for mathematics prerequisites:
mind to solve problems, generalize ideas, and model servicelearning problems. In short, satisfying these goals necessitates designing a freshman-level math course that exposes students to a variety of mathematical ideas and technological applications that prepare students to deal with statistical topics, data, and modeling.
INNOVATIVELY LINKED MATHEMAT-ICS AND TECHNOLOGY COURSES
Mathematics in Action: Social and Industrial Problem is a project-based mathematics course, [15] and [36] , which overcomes the tension between the goals set out by statisticians, the content concerns of mathematics instructors, and weaknesses of using traditional approaches. The course is part of a National Science Foundation sponsored grant Mathematics and Science Throughout the Undergraduate Curriculum awarded to Indiana University. The NSF grant overcomes cultural impediments to reform, such as reluctance by many teachers to change from traditional lecture type teaching formats. The grant rewards risk taking interdisciplinary approaches, requires reform approaches, and encourages enrolling students who have failed traditional approaches. Mathematics in Action teaches [16] freshmen in Business, Economics, Education, Liberal Arts and Sciences, Nursing, and School of Public and Environmental Affairs. Mathematics in Action uses an interdisciplinary environment in which a diverse group of students and faculty apply learning-centered approaches and engage in discussions. The approach taken in the course resolves the lecturing centered weakness of the traditional approaches. In the course, students learn mathematics by a mixture of traditional instruction and modeling applications. These skills allow students to solve actual service-learning projects for business, industry, social and governmental agencies. By using servicelearning projects, Mathematics in Action overcomes the relevance weakness of the traditional freshman level finite mathematics course (MPR goal 5). Organizations, which supply such projects, universally instill in students a sense of the projects' worth. For example, the American Diabetes Association informed students that their efforts would help the organization estimate geographical locations of those in dire need of critical health care services such as testing for diabetes. The relevance issue and lack of statistical content are largely overcome as students involve themselves (MPR goals 1 & 2) in narrowing the problem, struggling to find the relevant data, and attempting to discover, learn, and apply those tools that will lead towards a solution. Conceptual understanding of the traditional core mathematical topics takes place (to satisfy the prerequisite concerns) by 1. Teaching core topics required by replaced traditional courses and 2. Using the tools to solve hands-on service-learning projects and individual projects designed to apply technology [35] .
Students use actual data and statistical tools in solving actual business and social problems (Goals 1, 3, 4, & 5 and modeling concerns mentioned by MPR). Thus, the artificiality issue of the applications is resolved. Moreover, students analyze surveys and collect data in a large real engaging environment. Their learning environment extends beyond the classroom to the library, service-learning organization, laboratory, and community. They think statistically and practice statistical reasoning. They use elements such as probabilities, estimations, percents, and computer technology routinely. Students develop skills, in mathematics, statistics, teamwork, data gathering, and communications (oral and written). (MPR goals 3 & 4) . Students see the needs for applying technological tools such as Microsoft Excel Spreadsheets to manipulate the data, solve the problem, and present the result (MPR goal 6). This instills an appreciation of the power of technology. They use appropriate technology to solve problems that are unsolvable by more primitive methods.
The use of real data for the projects and the ability to find a solution has highlighted to us the necessity to use computer technology and modern software. We had not envisioned this need the first time we taught the Mathematics in Action course. Initially, we thought that students could use graphing calculators to analyze the data sets for their projects. This was very naive on our part. Many servicelearning projects involve large data sets or large numbers of calculations that simply cannot be done on a hand held calculator due to insufficient memory. A delinquency loan rate project for a large financial institution, for example, had approximately 140,000 loan accounts for each of twelve months (longer periods were also available). A routing problem using the traveling salesperson algorithm was too large even for the computer. It had to be broken into parts, and then reconstructed to obtain solutions. This unexpected need for technology turned out to be a blessing in disguise (though this is not necessarily the way we thought about it that first year). The need to use modern day technology has led to an awareness and appreciation by our students of the power of merging technology and mathematics to solving servicelearning problems. This has become one of the more important learning outcomes from the use of service-learning projects.
For five years, Mathematics in Action was taught with instruction on technology done through class projects and out of class tutorials. Students complained about the out of class time demands placed on them for a three-credit hour course. This approach also placed a tremendous burden on the faculty teaching Mathematics in Action. Instructors in the course had to not only teach the course, work with five or six organization on projects, coach student teams on the mathematics required for the projects, but on top of all of these, teach students how to use applications software such as Excel, Access, SPSS, Microsoft Word, etc. Prior to coming into this freshman mathematics course virtually none of the students had experience with computer applications. Nonetheless, all students on the IUSB campus are required to take at least one technology course.
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Linking Mathematics in Action and computer technology solved two major problems: 1) the linkage reduced student frustration over course time demand. Students would now receive credit for two required courses, making time demands placed on students commensurate with the credits received; and 2) the linkage further lessened the burden placed on faculty. Each faculty member is given credit for one of the linked courses.
3 This linkage also resulted in several benefits:
1. Mathematical projects were used to illustrate and practice various computer applications;
2. Computer applications skills were used to solve various mathematical problems;
3. The ability to use computer technology to solve large scale problems enhanced the appreciation by students of the power of applied mathematics; and 4. The learning environment due to the linkage provided more opportunities for student collaboration, leading to more effective learning and higher productivity.
These benefits satisfy recommendations made by mathematicians and statisticians concerning preparation of students for entry level statistics and mathematics courses. In this paper, we describe spreadsheet modeling of various finite mathematics applications designed to solve large scale problems that more closely resemble service-learning problems. Each spreadsheet model is used to reinforce concepts taught in the linked mathematics and technology classes and to help student teams learn how to develop such spreadsheet skills needed for the completion of organizational projects. Furthermore, spreadsheet modeling links and integrates mathematics and technology courses.Through demonstration of mathematical concepts using Excel spreadsheets, we stress synergies between mathematics, technology, and service-learning applications. These synergies emphasize learning goals such as quantitative skill development, analytical and critical thinking, information technology and technological issues, innovative and creative reasoning, and writing across the curriculum. 
FINITE MATHEMATICS CONCEPTS AND SERVICE-LEARNING PROJECT MODELING USING EXCEL
In a standard finite mathematics course offered for entry level students, students are introduced to topics such as, descriptive statistics and elementary data analysis; counting methods; probabilities including simple, conditional, Bayesian, etc.; systems of linear equations; matrices; systems of linear inequalities; and modeling and optimization problems including linear programming, and the simplex method. In teaching a topic the following sequence of steps takes place:
1. Introduce a problem; 3 At Indiana University South Bend, each faculty member receives teaching credit for his/her discipline course when he/she teaches a linked course. 4 See [3] ; [23] and [25] . 5 The organizational projects, whose scope requires the use of computer technology skills, link the two courses. Evaluation of the students' learning consists of traditional exams in disciplines, industrial projects, and individual projects. In the mathematics course 44% of the student's grade is for traditional examinations, 40% for team organizational projects, 8% for individual projects, and 8% for portfolio, attendance, etc. In the technology course 70% of the student's grade is for traditional examinations, 22% for projects, and 8% for portfolio, attendance, etc. Each topic is practiced by students using small scale problems found in the textbooks and worked out manually. Such small scale problem solving is intended to help students learn and understand the basic principles underling the concepts. However, as discussed earlier, students, in general, consider such textbook type problems artificial and unrelated to service-learning problem solving. Most service-learning situations require defining the problem, data gathering, discovering the appropriate modeling techniques sufficient to solve the problem. Often times such sophisticated modeling techniques require large scale calculations that cannot be done manually. This is the case with the service projects used in the finite mathematics class. 6 . Given that virtually all students have access to computers and take at least one basic computer technology course, it is beneficial to teach linked finite mathematics and computer technology courses. In computer technology part of the linkage, we teach various packages including Microsoft Excel which becomes a modeling and technology environment that allows students to see that with even basic computer spreadsheet skills they can solve large scale service-learning problems. The following demonstrations highlight how Microsoft Excel can be used to enhance learning in both finite mathematics and technology courses, as well as prepare students to tackle service-learning projects involving large, complex data bases; modeling; and cumbersome computations. In each demonstration we show the value of the demonstration to understanding the mathematics principles, the power of Excel as a data analysis and modeling tool, and its application in solving service-learning projects.
CALCULATION OF DESCRIPTIVE STATISTICS USING EXCEL
In the Indiana University system, as well as many other schools, finite mathematics is a prerequisite for most majors, especially business, public administration, social sciences, and some life science areas. As mentioned earlier, statisticians MPR (2002) articulate a set of goals for mathematics prerequisites including instilling an appreciation of the power of technology and developing skills necessary to use appropriate technology to solve problems. The servicelearning project orientation of Mathematics in Action necessitates that student teams gather, process, analyze, and report on data using various tools acquired in the mathematics and technology courses described above. Descriptive statistics provide a powerful learning tool to introduce students to basic data analysis and presentation, as well as prepare Tables  Person Courier Journal  1  no  no  2  yes  no  3  yes  no  4  yes  yes  5  yes  yes  6  no  yes  7  no  yes  8  yes  no  9  no  no  10 yes no them for theoretical topics such as probability distributions that could be used for modeling empirical data. Thus, we have found that descriptive statistics is a useful tool for introducing students to many of the upcoming topics in the course. The mathematics component of the linked courses introduces students to central tendency, dispersion, histograms, and charts using textbook type examples and other examples from popular media (e.g., USA Today, local newspapers, Business Week, etc.) In the linked technology component, students are instructed on how to use Excel spreadsheets to produce the same measures using service-learning actual data bases comparable to those they will work on in their service-learning projects. Such data typically come from personnel data bases that include various characteristics of employees such as gender, schooling, experience, title, salary. 7 We also have generated data bases comparable to those found in various student service-learning projects completed in previous semesters. As an illustration, for example, we created a data set comparable to a similar data base analyzed by a student-team for a local newspaper. The data we generated refer to a situation where 1,500 individuals were randomly called concerning whether they subscribed to the Courier, the Journal, or both newspapers. The first ten observations of that data set are shown in Table 1 This example was used to demonstrate the ability of Excel spreadsheets to take a reasonably large data set and summarize it into a contingency table that can be used to calculate simple and conditional probabilities. Specifically, Excel's pivot table function cross classifies the 1,500 observations as shown in Table 2 .
Based on this pivot table, students answer questions such as: What is the probability a randomly selected person sub- Table 2 into the Venn diagram shown in Figure 1 .
This Venn diagram helps students visualize concepts such as union, intersection, and conditional probabilities.
As part of the instruction in descriptive statistics, students also make frequency distributions. Most textbook examples employ relatively small data bases (e.g. usually fewer than 50 observations) so that the frequency distributions can be made manually using tallying methods. Service-learning projects usually involve data sets consisting of large numbers of observations making manual approaches time consuming and subject to error. For example, in one of our service-learning projects for a local bank concerning delinquent loans, each month's delinquent loan data base contained approximately 7,000 loans, all in different stages of delinquency. A small segment of that data base is given in Table 3 . Table 3 contains 10 of the 6904 delinquent accounts. The first two columns represent the member number (which we have modified for security reasons) and the loan number. The next two columns contain the loan amount and days delinquent, and the final column contains a product code (e.g. auto, personal, home, etc.). Students were instructed on how to create a frequency distribution using Excel. Part of the instruction involved selecting meaningful intervals. After discussions with the client-bank, intervals of 1 to 30, 31-60, etc. were selected. Excel's Frequency function generated Table 4 .
Excel requires as inputs the upper level of each interval (bins) with an empty interval capturing all observations greater than the largest interval. The format of the Excel output is not very meaningful for a general audience. Students thus are instructed to modify the Excel generated table to clarify the information. Table 5 represents a more user friendly version of Table 4 .
Furthermore, the same example is used to produce the histogram shown in Figure 2 .
As illustrated in Table 6 , the above examples can easily be extended to introduce basic empirical probability concepts which can be easily computed from either the frequency dis- This example can be further used to illustrate generating research questions and answering such questions with contingency tables and tree-diagrams. An example based on the loan data is given in Table 7 and Figure 3 .
Contingency Table 7 was produced using the Pivot function discussed earlier to answer a research question about whether the bank anticipates slow paying borrowers by charging a higher interest rate on the loan. The answer is clearly yes. For instance, the simple probability of a loan being bad (loans being delinquent more than 30 days) is .0103. However, for customers receiving the very lowest rates, and presumably judged to be the best credit risk, the probability of a bad loan is virtually zero. In contrast, for customers paying the very highest rates, and again presumably judged to be poor credit risks, the probably of a bad loan increases to 0.0296, almost triple the simple probability of a bad loan. Continuing with this example, one also can produce the tree diagram given in Figure 3 .
Given information about the rate a borrower pays, Bayes Theorem can be used in conjunction with either the above Table 7 or the tree-diagram given in Figure 3 to find the probability that the loan is either good or bad. For instance, the student-team working on this service-learning project observed that the contingency table and the calculations from Bayes formula using information in the tree-diagram agreed, namely that when the bank charged a rate greater than 10 percent, the probability that the loan ultimately would be bad was 0.0296. We found it to be very successful as a teaching approach to employ multiple approaches to illustrating complex topics, such as Bayes Theorem.
In addition to the Pivot Table function described above, Excel's filtering and sorting capabilities make it possible using a large data base to investigate research questions related to how customer and/or loan characteristics contribute to defaults. In the local bank service-learning project described above, the client was interested in the characteristics of customers, loans, or both that contributed to higher delinquency probabilities. This led the student team to sort and filter the data. The student team used Excel to sort selected data by loan size to investigate the characteristics of delinquent loans based on whether they were large, medium, or small. Also, the student-team filtered the data by product type (e.g., car loans, personal loans, home mortgages, and the like) to see whether loan delinquency probabilities depended on loan type. Further, the student-team filtered the data by the income of loan recipients, as well as their credit report characteristics (e.g., credit score, number credit cards, past delinquent accounts, and the like). This filtering and sorting provided a powerful tool for preliminary causal analysis of the determinants of loan delinquency rates that might be used as a decision tool for designing future lending products and offering loans to future potential customers.
PERMUTATIONS AND COMBINATIONS
As an introduction to probabilities, students are introduced to basic counting methods. Combinations and permutations represent a universal counting approach. The computations for these techniques can be quite cumbersome. Although some more advanced hand held calculators provide options for calculating combinations and permutations, they are, nonetheless, much easier using Excel. In addition, most students once they start working will have more access to Excel than to any other means of computing. Excel provides formulas that can be inserted into a document so that repetitive computations can be quickly made. Part of the teaching in finite mathematics involves practicing the use of the formulas for combinations and permutations. We use various examples related to selecting, for example, 3 persons from a group of 10 to serve on a committee. One type of selection is where the order of selection is not important; the alternative selection makes the first person president, the next vice president, and third treasurer. Students learn the combination and permutation formulas to calculate the number of possible selections in each case. Furthermore, these numbers could be used for calculating probabilities, such as the probability that a three-person selection would have at least one female or that a particular arrangement happens. There are many other applications related to quality control, gambling, statistical sampling, and the like.
The Excel example given in Figure 4 attempts to interconnect what students learn in the mathematics class and what Excel's spreadsheet provides in terms of a computational environment.
As shown in Figure 4 , there are 254, 251, 200 permutation and 2,118,760 combinations of five items taken out of a total 50 are calculated. By simply changing the number of objects and number of objects to be selected in the upper left hand box, students can quickly find permutations and combinations. These formulas have direct application in determining probabilities such as quality control problems. A common problem (using the techniques shown in Figure 4 ) given in our textbook asks the probability of having defective calculators in a sample of five chosen from a box of 30 calculators purchased by a school of which historically 10 percent are defective. The easiest way to solve this is to use the complementary problem which calculates the probability of no defectives in a sample of five and then subtracts this result from one. In terms of the formulas defined in Figure 4 , the probability is obtained as: Tree-Diagram Based on the Above Table There are many other similar quality control problems as well as classical examples using decks of cards (e.g., the probability of obtaining a "fullhouse" in a five card poker hand). The use of combinatorial techniques played a role in helping students understand one of our earliest service-learning projects that dealt with finding the most efficient lunch delivery routing system for a local school system, a classic Traveling Salesperson problem. Resources became routes between school buildings, costs distances of these routes, with the objective to minimize the total cost of the route. Constraints required that each location be visited once and only once. The analysis required the student-team to gather information on distances (or travel times) between various school buildings for the school corporation's internal delivery system.
We created a simplified version of the problem, for instance for four cities, so that they could see just what was involved. For example, suppose a salesperson starts from a corporation in Chicago and wants to visit the cities South Bend, Indianapolis, and Michigan City. Distances between these cities are found in Table 8 .
Combinatorial method calculations indicate that there are six possible paths listed in Table 9 , for each path the distance was calculated by hand from data in Table 8 .
The optimal solution are the following routes with the minimum distance 375 miles (Chicago, to Michigan City, to Indianapolis, to South Bend, returns to Chicago. Alternatively, follow this path in the reverse order).
Chicago, to Michigan City, to Indianapolis, to South Bend, returns to Chicago. Alternatively, follow this path in the reverse order.
We used Excel to demonstrate to the students that as the number of destination points increased the permutations that would require evaluation became extremely large. For illustration, if there are 12 points instead of 4 points, the combinatorial solution will involve 11! or 39,916,800 possible patterns which are too many to evaluate manually.
Our Excel demonstrations using combinatorial techniques led students to investigate other more efficient solution algorithms such as binary programming and Excel's solver module.
SIMULATION OF STOCHASTIC PROCESSES
In teaching probability concepts, students often confuse theoretical and empirical probabilities. For example, the probability of a head when tossing a fair coin is 0.50 while tossing a fair coin 100 times may lead to far more or far fewer than 50 heads, perhaps even as many as 70 or as few as 30. Most students perceive that a theoretical probability of 0.5 means that nearly (if not exactly) 50 of the 100 flips should be heads. Such confusion can be dealt with by setting up experiments that compare empirical and theoretical probabilities. Prior to using Excel, we had each student toss a coin 10 times and tallied results for all students. The procedure is both time consuming and limited to a small number of tosses. For efficiency and flexibility, we use the power of Excel to simulate stochastic processes. The example used for illustration is that of rolling a six-sided die 1000 times. Once the spreadsheet is setup we can simulate 1000 rolls (or any other number) over and over and then compare the empirical outcomes to the theoretical probabilities. The same procedure could be used for tossing coins, rolling more than one die, dealing card hands, spinning of a roulette wheel, and the like. 8 In the illustration shown below, in addition to having Excel simulate the roll of a die 1000 times we also construct a frequency distribution and histogram of outcomes to facilitate comparison of empirical and theoretical probabilities. The simulation output displayed in Table 10 is produced by using the formulas ROUNDDOWN(6*RAND(),0)+1 and FREQUENCY(C4:C1003,F4:F9), where C4:C1003 contain the 1000 randomly generated die numbers and F4:F9 hold the die values 1 through 6.
By hitting the F9 key in Excel, students see how each outcome of 1000 rolls differs from each other and from the theoretical probabilities. This simulation would provide tools for more advanced discussions of stochastic processes dealing with the law of large numbers, the central limit theorem, confidence intervals, and the like.
A number of our service-learning projects involved stochastic processes. In one such service-learning project, students were asked to make recommendations on whether it would 
Frequency of Individual Die Values
Frequency be less costly to change light bulbs in an elementary school as they burned out or to periodically change all the lights in the school at the same time. The hours of life of a light bulb follows a stochastic process generally modeled with the exponential distribution. For example, a florescent light bulb, with an expected life of 30,000 hours, has a cumulative probability distribution given in Figure 5 where the horizontal axis represents the life of a bulb. The student-team working on this project recognized the tradeoff between higher maintenance costs if bulbs are replaced as they burn out versus higher light bulb costs if bulbs are all replaced at the same time. The stochastic bulb life process suggested that about 10 percent of the bulbs would have a life of approximately 4,000 hours. If 10 percent burnt out bulbs was an upper limit on the acceptable number of bulbs burnt out at any one time, then about 90 percent of the bulbs would be discarded far before they burned out. Indeed, about one-half of the bulbs would last more than 20,000 hours. The students thus estimated the costs of the two strategies and concluded that "Taking into consideration the amount of money that would be lost with the implementation of any of these total bulb-changing policies, we recommend that the [the client] continue their current policy of changing light bulbs on an as-needed basis."
MODELING OPTIMIZATION PROBLEMS WITH CAPACITY CONSTRAINTS
A key concept students learn in the linked finite mathematics and technology courses is the value of solving constrained optimization problems. Not only are these concepts and solution techniques valuable to business and economics students, but they also play important roles in several of the service-learning projects undertaken by student teams. As an illustration, a student-team applied constrained optimization techniques to find an optimal mix of fund raising activities for a local chapter of the American Diabetes Association (ADA). Basically, the local ADA director had limited resources such as working capital, hours of volunteer time, restrictions on her own time, frequency of certain types of fund raising events (e.g., only so many fund raising walks can take place in a given year), and the like. The student team undertaking this project gathered data on estimated revenues from each event, as well as the amount of working capital, volunteer time, etc. each event required. After solving the problem for the optimal portfolio of events, students then performed post-optimality sensitivity analysis influenced by weather conditions. Fundraising walks, for example, raise much smaller amounts on cold unpleasant days than under more favorable conditions. The student team indentified three possible post-optimality scenarios: 1) normal (average) weather conditions; 2) exceptional (above average) weather conditions; and 3) severe (below average) weather conditions. Other student teams also applied these techniques to optimal land allocation for a mall parking lot, optimal use of full-time v. part-time workers for a local school corporation, optimal routing for a school corporation lunch delivery program (the traveling salesperson problem mentioned above), and the optimal keep v. replacement policy for school corporation trucking equipment.
As part of the curriculum, we teach students the mathematics behind optimization with various capacity constraints as well as how to model such problems using Excel spreadsheetss and the Excel solver module. For example, we use problems from our course textbook 9 . One such problem is given below: Construction-resource allocation. A contractor is planning to build a new housing development consisting of colonial, split-level, and ranch-style houses. A colonial house requires 1/2 acre of land, $60,000 capital, and 4,000 labor-hours to construct, and returns a profit of $20,000. A split-level house requires 1/2 acre of land, $60,000 capital, and 3,000 labor-hour to construct, and returns a profit of $18,000. A ranch house requires 1 acre of land, $80,000 capital, and 4,000 labor-hours to construct, and returns a profit of $24,000. The contractor has available 30 acres of land, $3,200,000 capital, and 180,000 labor-hours.
A How many houses of each type should be constructed to maximize the contractor's profit? What is the maximum profit?
B A decrease in demand for colonial houses causes the profit on a colonial house to drop from $20,000 to $17,000. Discuss the effect of this change on the number of houses built and on the maximum profit.
C An increase in demand for colonial houses causes the profit on a colonial house to rise from $20,000 to $25,000. Discuss the effect of this change on the number of houses built and maximum profit.
Prior to solving the problem, students are shown how to model the problem in an Excel spreadsheets. Table 11 displays the organizational spreadsheet for part B of the problem.
The spreadsheet includes formulas that sum up the products of the decision variables and per unit resource usage amounts as well as total profits. For example, the total usage of land is computed using the Excel formula SUMPRODUCT(F6: H6,$E$16:$G$16); where F6:H6 are cells containing per unit land resources for colonial, split-level, and ranch homes, respectively, and where E16:G16 represent the numbers of each type of produced house. This model allows us to discuss trial and error approaches to solving the feasible and optimal mix of houses. For example, the spreadsheet in Table 12 shows the profits and resource utilization for producing 20 of each type of house. Although total profits are high, the solution is not feasible since all of the capacity constraints are violated. The spreadsheet model makes it very easy to test numerous combinations of the three types of houses and to discuss whether or not they are feasible. Even when feasible outcomes are obtained there is no insurance that these outcomes are optimal. Students quickly learn that a trial and error approach which could conceivably list every possible outcome is not only time consuming but very inefficient. Besides exploring the solution to this problem using the Simplex Method and graphical techniques, we teach students in the technology course how to use the Excel solver to find the optimal solution.
Numerous other examples are used dealing with manufacturers, nutrition, portfolio allocation, and the like. An example showing the entire Excel spreadsheets formulation for minimizing the transportation cost taking students and chaperones on a trip by two different means of transportation is found in Figure 6 . 1) The solver is found under tools.
2) The target cell is the one we are trying to minimize or maximize, in this case F13.
3) This problem requires us to select Min. 4) The cells we want to change are those determining the level of the activities, in this case D13:E13. 5) The resource constraints also must be added. In this example, the number of students using bus and vans, cell F8, must be >= to 400, cell G8. Also the useage of chaperons, cell F9, must be <= to the available chaperons, cell G9. 6) The levels of the activities must be nonnegative. This is the constraint, D13:E13 >=0. 7) Under options select AssumeLinear and also Assume Nonnegative.
Solver finds these values for D13 and E13 The American Diabetes Association example mentioned above provides an excellent example of how students can generalize the Excel examples to a service-learning project. After collecting the appropriate data and using Excel's solver, the student-team working on this project generated the output found in Table 13 .
Given the various constraints on the director's time, volunteers' time, working capital, and the maximum number of times an event could be held in a given period, the studentteam was able to recommend the mix of fundraising events that would maximize the net fundraising surplus (e.g., two SB walks, one spring walk CH, one spring walk RC, etc.). In addition, the student-team was able to test the sensitivity of the outcomes to various assumptions about weather conditions and therefore introduce a stochastic element into their recommendations.
CONCLUSIONS
The Excel demonstrations given above promote synergies between mathematics, technology, and applied research. We have found that students enjoy the hands-on nature of the Excel software and engage with it enthusiastically in working on their service-learning projects. Indeed, student comments such as those given below attest to the strong appeal this approach offers.
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"We actually got to use things like probability and frequency tables and see that it worked. We were not just taking a test." "I don't have a fear of math now. I understand where you can utilize it in everyday life." "I was never really good in math, this course gave me courage; I'm not afraid of it anymore. I felt safe and secure in coming to class... This type of class would have a whole generation of people loving math." "We got to work, every week or so, interactively with the business leaders, working on an active problem they are having with their business." 10 The above comments are from students that were made in the students' course evaluation, an interview made by a grant administrator, and newsletters. Instructors were not present when these comments were made. Because the course was an experimental course attempting to demonstrate to beginning students the power of mathematics to solving service-learning projects, the National Science Foundation undertook in-depth qualitative evaluations of students. In addition, a School of Education colleague of ours also interviewed students concerning various aspects of their experience. The comments provided above are typical of these evaluations. The value of using Excel demonstrations enhanced the service-learning project reports and made possible sophisticated data analysis. For example, because of their acquired skills in using Excel, students were able to successfully complete service-learning projects such as the traveling-sales person problem, contingency table analysis of delinquent loans and borrower characteristics, linear programming solutions to fund-raising activities, probability distribution analysis leading to efficient light bulb replacement policies, and a host of other complex problems. Evaluators of the course thought these were extraordinary accomplishments for entry level students. "This was a great hand-on experience that took my fear out of working within a business and handling specific problems and finding a solution where possible. It showed us that no matter what the problem is, there is a formula that can help to work it out for the best of the business and employees." "Having a real -life problem to handle and solve left a more realistic impression of what the work world has to contend with to do the best job you can for your business, employees, and customers." "I learned a lot about math as well as the business world." "I like unique way of learning math and relating it to real world." "I enjoyed working in a group to help solve a common problem. The hands-on experience of working in a real-life situated problem was a great opportunity to have. I truly appreciate the instructors, business and the developers of the program for allowing helping and encouraging us to perform at a higher level." "I liked the hands-on, interactive projects we had to do. Having the availability of two professors and one tutor helped immensely. Doing the projects will solidify what I have learned."
The Excel demonstrations also appear to help students better grasp the mathematical principles underlying the demonstrations and to better appreciate the power of applied mathematics and statistics in investigating research questions using actual real-world data bases. The Excel applications directly achieve two of the goals mentioned earlier that statisticians propose for introductory mathematics classes: 1) use real, engaging applications through which students can learn how to draw connections between the language of mathematics and the context of the application; and 2) instill appreciation of the power of technology and develop skills necessary to use appropriate technology to solve problems, develop understanding, and explore concepts. It is our observation that students taking a course that links, mathematics, technology, and service-learning projects not only prepare themselves to undertake service-learning projects in their introductory mathematics course but further take away from their experiences mathematical, technological, and research skills that they then apply in their future courses in business and economics. Equally important, students leave the courses with a new appreciation of the power of mathematics and technology. This is the very outcome the National Science Foundation hoped for when funding servicelearning courses such as Mathematics in Action. 
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